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ANSI Standards Committee 82 Work Status 

o ANSI C82.11 Ad Hoc group worked out a method of measurement draft 

per the following process: 

 Physics modeling 

 Initial internal testing 

 UL Labs workshop (NVLAP Third party) 

 Power analyzer manufacturers engagement 

 Method formal draft 

 ANSI C82 WG CDC ballot 

 CDC comments resolution 

 ANSI C82 WG CDV 
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o A rapid start lamp ballast output power has been difficult to determine 

because rapid start lamps are multiport devices (see Figure 2).  Difficulty 

to calculate the ballast output power impedes calculating ballast efficiency 

because efficiency calculation requires knowing both the input power and 

the output power.  
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o It is difficult to estimate rapid start ballast lamp voltage; a different value will be 

derived from subtracting the voltage from its different alternative ports. 

o The lamp voltage calculated from subtracting vo from v1 will be different than 

the lamp voltage calculated from subtracting vo from v2. 

o A rapid start lamp current is typically measured by means of placing the two 

ballast lead wires (connected to the same ballast side) through a current 

transformer.  The current transformer frequency response, tolerance, and 

accuracy are critical for measurement quality. 

o Dimming ballasts tend to operate at a higher frequency when dimming; some 

add a small DC current as a means to mitigate striation. 

o Thus, the current transformer needs to have a wide frequency response 

including DC current sensing.  Hall-effect probes are one possible alternative.  

o Testing laboratories seeking to determine total lamp power need to consider 

the electrical phase relationships between the lamp voltage and the lamp 

current, including a careful de-skewing between the voltage channel and the 

current channel.  
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o The current Federal Test Procedure (DOE, 10 CFR 430, 2011) mitigates 

the BEF light output variability by shifting the ballast energy efficiency 

metric to electrical measurements. 

o It defined a new metric, Ballast Luminous Efficiency (BLE), in terms of 

the lamp arc power to the input power ratio. 

o The goal of the new definition of arc power was derived from the need to 

replace the old light output metric of Ballast Efficacy Factor (BEF) with 

an equivalent electrical measurement. 

o The Federal BLE test method for a rapid or programmed start ballast is 

described in Appendix Q (DOE, 10 CFR 430 Appendix Q, 2011). 

o As described earlier in this workshop, most dimming ballasts operate in 

a similar way as programmed start ballasts or rapid start ballasts; the 

following description considers only these types of ballasts.  

The BLE Approach 



The Association of Electrical and 
Medical Imaging Equipment Manufacturers    
The Association of Electrical and 
Medical Imaging Equipment Manufacturers    

o The current BLE test method requires connecting the ballast to a stable 

power supply, and the ballast outputs to a network of two resistors in 

parallel with the lamp cathodes (see Figure 4). 

 

 

 

 

 

 

 

 

𝜂 =
𝐴𝑟𝑐 𝑃𝑜𝑤𝑒𝑟

𝑊𝐼𝑛𝑝𝑢𝑡
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o Input power is a straightforward electrical measurement; one need only connect a 

power analyzer between the voltage source and the ballast lead wires. 

o It is impossible to measure the arc voltage directly because there is no access to 

the lamp’s internal parts.  

o One could measure the voltage drop between a port from one side to a port from 

the other side; however, different combinations of connection will produce different 
voltage readings. 

o The current BLE test method addresses this difficulty by placing two networks 

constructed with 1kΩ resistors in parallel with the lamp cathodes, and assumes 

that the voltage measured between the center of the two networks approximates 

the arc voltage (see Figure 5). 
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o Then, arc power is calculated by multiplying the arc voltage phasor by the arc 

current phasor.  Arc power is different from the total ballast output power because 

the ballast also provides the heating cathode power (see Figure 6).  

 

 

 

 

 

 

 

o The BLE test method does not measure filament power; it expresses arc power as 

the voltage across the voltage dividers multiplied by the lamp current. 

o The BLE method produces a highly accurate energy efficiency estimate under the 

assumption that: either 1) the ballast does not produce any filament power, or 2) 

the filament power is negligible compared to the arc power. 
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BLE and Dimming Ballast Energy Efficiency 

o Operating the cathode below its thermo-emissive operational point 

may result in a shortened lamp life and unstable lamp operation. 

o Therefore, most dimming ballasts provide additional heating power 

to the lamp cathode when dimming (reducing the lamp current). 

o Thus, the total ballast output power consists of two components: 1) 

arc power, and 2) filament heating power. 

o Table 1 compares BLE to Ballast Efficiency. 
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Recall that the CEC has a different term called Maximum Arc Power 
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o Two axioms follow from a comparison of the BLE and Ballast Efficiency calculation: 

1. BLE and Ballast Efficiency have the same value in the absence of cathode heating power. 

2. Ballast Efficiency is always higher than BLE when cathode heating power is present. 

 

o A multi-lamp ballast energy efficiency can be calculated by the sum of each lamp 

arc power plus its cathode’s heating power (total output power), divided by the input 

power. 

 

 



The Association of Electrical and 
Medical Imaging Equipment Manufacturers    
The Association of Electrical and 
Medical Imaging Equipment Manufacturers    

Table 2, Analysis 

Ballast efficiency includes Filament Power 
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o BLE is a metric based on electrical measurements to replace the old BEF 

metric based on light output measurements, and it appears to report a 

similar number as the ballast efficiency at full light output.  

o Consideration is needed for using BLE for other dimming operational 

points because the BLE metric underrepresents the ballast efficiency. 

 This is because it does not account for the cathode heating, even at 100% light output 

 The ballast provides cathode heating power because the lamp needs to keep the cathodes 

heated to operate correctly 

 

 

o A dimming ballast’s total output encompasses both the arc power and the 

cathode heating power. The following section discusses how to consider 

the full ballast output power in dimming. 
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Evaluating Ballast Efficiency  

in the Dimmed State 
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Multiport Test Method 

o Consider a multiport device like the one described below in Figure 7.  Let’s 

assume that the device is not accumulating charge; the power delivered to 

any port is expressed by the following relationship (Millman & Halkias, 

2001): 
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o The total power to the system is the aggregation of the individual ports’ 

power (Millman & Halkias, 2001): 

𝑃 = 
1

𝑇
 𝑣(𝑡)𝑗 ∗ 𝑖 𝑡 𝑗 ∗ 𝑑𝑡
𝑇

0

𝑁

𝑗=1

 

o Since the sum of integrals is equal to the integrals of the sums, the above 

equation may be rewritten as: 

𝑃 =
1

𝑇
  𝑣(𝑡)𝑗 ∗ 𝑖 𝑡 𝑗 ∗ 𝑑𝑡

𝑁

𝑗=1

𝑇

0

 

o Thus, the power of a multiport device is equal to the sum of the individual 

ports’ power. 
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o Since we have assumed that the device is not accumulating charge, 

following  Kirchoff’s current law (Millman & Halkias, 2001), we can write 

the net total current into the device as zero. 

 𝑖(𝑡)𝑗 = 0

𝑁

𝑗=1

 

o The last term may be moved to the other side of the equation and rewritten 

as: 

 𝑖(𝑡)𝑗 = −𝑖(𝑡)𝑁

𝑁−1

𝑗=1

 

o The total power into the device may also be rewritten as: 

𝑃 =
1

𝑇
  𝑣(𝑡)𝑗 ∗ 𝑖 𝑡 𝑗

𝑁−1

𝑗=1

+ 𝑣(𝑡)𝑁 ∗ 𝑖(𝑡)𝑁 ∗ 𝑑𝑡
𝑇

0
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o Using the previous equation to replace the last term: 

𝑃 =
1

𝑇
  𝑣(𝑡)𝑗 ∗ 𝑖 𝑡 𝑗

𝑁−1

𝑗=1

− 𝑣(𝑡)𝑁 ∗  𝑖(𝑡)𝑗

𝑁−1

𝑗=1

∗ 𝑑𝑡
𝑇

0

 

o Which reduces to: 

𝑃 =
1

𝑇
  𝑣(𝑡)𝑗 − 𝑣(𝑡)𝑁 ∗ 𝑖(𝑡)𝑗

𝑁−1

𝑗=1

∗ 𝑑𝑡
𝑇

0

 

o By considering the axiom that the integral of a summation is equal to the 

summation of the integrals once more, the total power equation takes the 

form of: 

𝑃 =  
1

𝑇
 𝑣(𝑡)𝑗 − 𝑣(𝑡)𝑁 ∗ 𝑖 𝑡 𝑗 ∗ 𝑑𝑡
𝑇

0

𝑁−1

𝑗=1
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o In practical terms, the total power delivered to a multiport device may be 

found by adding the N-1 two terminal power measurements where the Nth 

terminal is used as the common reference for all measurements.  

o This technique has been used by previous researches to measure rapid 

start ballast total power output (Roberts, 1981; Rudolph, Oliver, & Francis, 

1985). 
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o A one-lamp ballast has been connected according to its label diagram; small 

impedance (0.5 ohms) current sensors have been introduced in series with each 

(port) lamp terminal. 

o The port marked 0 has been chosen as the reference port. 

o According to the previous section, the total ballast output power may be found by 

aggregating the power of all ports.  

o Each port’s power may be measured by; 1) connecting to the power analyzer 

voltage probe with one side to the reference port and the other side to the port to be 

measured, and 2) connecting the current probe to the port to be measured (Figure 

9).  
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Table 3 One Lamp Ballast Multiport Testing Example 
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Test Method Accuracy 
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Dimming Ballast Efficiency Measurement Accuracy 

o Input power measurement accuracy 
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o Lamp power measurement accuracy 
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o Ballast efficiency measurement accuracy 

o Α = Α𝑖𝑛𝑝𝑢𝑡_𝑝𝑜𝑤𝑒𝑟 + Α𝑜𝑢𝑡𝑝𝑢𝑡_𝑝𝑜𝑤𝑒𝑟 
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o Efficiency Accuracy Full Power 
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o Efficiency Accuracy 50% Power 
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o Efficiency Accuracy 50% Power 
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o One Power Analyzer Efficiency Accuracy Example 

Assumes a 40 KHz Lamp operation 
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Efficiency Measurement Dispersion 

o Ballast efficiency reporting may vary by 1.69% (92.40-90.71) at full power, 

and in a range of 2.82% (92.04-89.22) at 50% Dimming. 
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Alternative Method 

o Multiport power analyzers are not as common as two port (regular) power 

analyzers. 

o Accuracy may be increased by reducing wiring connections and port 

measurements. 

o An alternative method supported in the same BLE setup may help 

laboratories to maximize the use of the existing setups, reduce the number 

of measurements, and reduce accuracy errors by reducing parasitic effects. 

o ANSI is to consider an alternative test method that will estimate the total 

output power as the addition of the arc power plus a predetermined 

minimum energy.  This would ensure proper lamp filament heating, and 

therefore comply with the applicable lamp and ballast ANSI standards. 

o 𝜂 =
𝑎𝑟𝑐 𝑝𝑜𝑤𝑒𝑟+𝑓𝑖𝑙𝑎𝑚𝑒𝑛𝑡 𝑝𝑜𝑤𝑒𝑟

𝑖𝑛𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟
  will be replaced by 

o 𝜂 =
𝑎𝑟𝑐 𝑝𝑜𝑤𝑒𝑟+𝑐𝑜𝑚𝑝𝑒𝑛𝑠𝑎𝑡𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟(𝑠)

𝑖𝑛𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟
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Conclusions 

o Fluorescent lamps require additional cathode heating to operate correctly in 

dimming conditions as described in the proper ANSI standards 

o Therefore the total ballast output power encompass two elements; arc power and 

filament power 

o Congruently, ballast efficiency is calculated as 

𝜂 =
𝑎𝑟𝑐 𝑝𝑜𝑤𝑒𝑟 + 𝑓𝑖𝑙𝑎𝑚𝑒𝑛𝑡 𝑝𝑜𝑤𝑒𝑟

𝐼𝑛𝑝𝑢𝑡 𝑃𝑜𝑤𝑒𝑟
 

o Most ballast increase their operational frequency under dimming conditions 

o Measuring high frequency low power is challenging. The current instrumentation 

technology is pushed to its limit 

o ANSI has developed a dimming ballast test method. Additional works are ongoing 

to develop an alternative test method to improve accuracy, and to re use the BLE 

test setups  


